Purpose This study evaluated the efficacy and safety of a 3-day aprepitant regimen for the prevention of chemotherapyinduced nausea and vomiting (CINV) during the first cycle of non-anthracycline plus cyclophosphamide (AC)-based moderately emetogenic chemotherapy (MEC) based on government guidelines in Korean patients. Methods This multicenter, randomized, double-blind, phase IV trial (NCT01636947) enrolled adult South Korean patients with a broad range of tumor types who were scheduled to receive a single dose of ≥1 MEC agent. Patients were randomized to a 3-day regimen of aprepitant (aprepitant regimen) or placebo (control regimen) on top of ondansetron plus dexamethasone. The primary and key secondary efficacy endpoints were the proportions of subjects who achieved no vomiting and complete response (CR) during the overall phase. Results Of the 494 randomized subjects, 480 were included in the modified intent-to-treat population. Response rates for no vomiting and CR in the overall phase were numerically higher Electronic supplementary material The online version of this article (doi:10.1007/s00520-016-3463-0) contains supplementary material, which is available to authorized users. 
Introduction
Chemotherapy-induced nausea and vomiting (CINV) is a common side effect of chemotherapy [1, 2] that can have a negative impact on patients' well-being and quality of life (QOL), adversely affecting their daily lives [3] [4] [5] . This detrimental effect on QOL may also impede or interrupt anticancer treatment schedules, potentially resulting in poor compliance and subsequent adverse effects on overall response to chemotherapy, particularly in patients with early-stage disease [4] [5] [6] .
The type (s) of chemotherapeutic agent used plays an important role in the development of CINV, with the risk of emesis in the absence of antiemetic prophylaxis ranging from 30 to 90% for antineoplastic agents classified as moderately emetogenic chemotherapy (MEC), and >90% for highly emetogenic chemotherapy (HEC) [7] . During chemotherapy, CINV can occur in both the acute (0-24 h after chemotherapy initiation) and delayed (25-120 h) phases of chemotherapy [4, 5] . Therefore, antiemetic prophylaxis plays an important role in cancer treatment management.
Aprepitant is a potent and highly selective neurokinin-1 (NK 1 ) receptor antagonist (RA) that has been shown to effectively prevent CINV in both the acute and delayed phases when administered over 3 days in combination with the standard antiemetic regimen of a serotonin (5-HT 3 ) RA and dexamethasone in patients receiving HEC and anthracycline plus cyclophosphamide (AC)-based chemotherapy [8] [9] [10] [11] [12] . Based on these results, a 3-day aprepitant-based regimen is considered the standard of care in the HEC setting according to the Multinational Association of Supportive Cancer Care (MASCC)/European Society for Medical Oncology (ESMO), National Comprehensive Cancer Network (NCCN), American Society of Clinical Oncology (ASCO), and international guideline recommendations [5, [13] [14] [15] . NCCN guidelines also recommend the use of this aprepitant regimen in selected patients receiving MEC [5] , while MASCC/ESMO guidelines recommend its use in recipients of AC-based chemotherapy [13] .
In Korea, aprepitant has been approved for the prevention of acute and delayed CINVassociated with initial and repeated courses of both HEC and MEC [16] . However, due to a lack of prospective clinical data in Korean patient populations, medical insurance in Korea does not cover the initiation of aprepitant in the first cycle of MEC. It is also important to note that AC-based chemotherapy regimens are now categorized as HEC per health insurance emetogenicity classification based on Health Insurance Review and Assessment Service (HIRA) guidelines [16] .
To date, the use of NK 1 RAs in patients receiving non-AC MEC has been debated, which may in part be due to the broad emetic heterogeneity of MEC populations [17] . Therefore, the purpose of this study was to evaluate the efficacy and safety of a 3-day aprepitant-based triple-drug regimen, administered in the first cycle of non-AC MEC regimens to patients with a broad range of tumor types.
Methods Patients
Male and female patients were eligible for inclusion in this study if they had histologically or cytologically confirmed malignant disease and were scheduled to receive a single dose of ≥1 MEC agent (Online Resource 1) during cycle 1, on treatment day 1. Additional eligibility criteria included an age of at least 20 years, Eastern Cooperative Oncology Group (ECOG) performance status 0-2 or Karnofsky score ≥ 60, and predicted life expectancy ≥4 months. The use of oxaliplatin-or irinotecan-based regimens were limited to approximately 35% of the total enrolment. Major exclusion criteria were receipt of chemotherapy within 6 months prior to treatment day 1; scheduled receipt of subsequent treatment due to refractory response to first-or second-line chemotherapy; known hypersensitivity to aprepitant, dexamethasone, or 5-HT 3 RAs; vomiting in the 24 h prior to treatment day 1; symptomatic primary or metastatic central nervous system malignancy (asymptomatic patients were allowed); chronic use of systemic corticosteroid therapy at any dose; and pregnancy or lactation.
Study design
This was a randomized, double-blind, active-comparator, multicenter, phase IV trial (MK-0869-225) conducted at 20 sites across South Korea. The study comprised a screening period, followed by a double-blind study treatment period of 3 days, and a follow-up period of 3 days. Eligible patients were randomized (1:1) to receive either a 3-day aprepitant or control regimen. Patients were assigned a unique, sequential baseline allocation number, and were randomly assigned in sequence to 1 of the 2 study treatment regimens. Randomization was stratified by chemotherapy regimen. Blinding of study medications was maintained for the investigator, study coordinator, and patient. Supplies were provided with blinded envelopes containing drug disclosure information.
The study protocol was reviewed and approved by all Ethical Review Committees/Institutional Review Boards. This study was conducted in full accordance with Good Clinical Practice with standards established by the Declaration of Helsinki and in compliance with all applicable country and/or local statutes and regulations regarding ethical committee review, informed consent, and the protection of human subjects participating in biomedical research. Written informed consent was obtained from all individual participants included in this study.
Study treatments
Participants received aprepitant (aprepitant regimen) or placebo (control regimen) on top of ondansetron plus dexamethasone (Table 1) . For the aprepitant regimen, aprepitant capsules were taken 60 min prior to initiation of MEC on day 1 (125 mg), and in the mornings on days 2 and 3 (80 mg). Open-label ondansetron 16 mg was also administered intravenously on day 1, 30-60 min before initiation of MEC on day 1, followed by placebo capsules twice daily (every 12 h) on days 2 and 3. In the control regimen group, matching aprepitant placebo capsules were taken 60 min before initiation of MEC on day 1, and in the mornings on days 2 and 3. Open-label ondansetron 16 mg was also administered intravenously on day 1, 30-60 min before initiation of MEC on day 1, followed by blinded 8-mg capsules twice daily (every 12 h) on days 2 and 3. Both study groups received oral dexamethasone capsules (12 and 20 mg for the aprepitant and control regimens, respectively), which were taken 30 min before initiation of MEC on day 1.
The use of investigator-prescribed rescue therapy for nausea or vomiting was permitted throughout the study, which included other 5-HT 3 RAs (granisetron, dolasetron, tropisetron, or ondansetron), benzodiazepines, and benzamides (e.g., metoclopramide or alizapride).
Outcome assessment

Efficacy
The primary efficacy endpoint was the proportion of patients who achieved no vomiting during the overall phase (0-120 h following initiation of MEC [i.e., days [1] [2] [3] [4] [5] ). The key secondary efficacy endpoint was the proportion of patients with a complete response (CR; defined as no vomiting and no use of rescue therapy) during the overall phase. Additional secondary efficacy endpoints included the time to first vomiting event during the overall phase; the proportion of patients who achieved no vomiting during the acute (0-24 h following initiation of MEC [i.e., day 1]) and delayed (25-120 h following initiation of MEC [i.e., days 2-5]) phases; the proportion of patients who achieved a CR during the acute and delayed phases; and subgroup analysis of CR rates according to chemotherapy regimen. Subgroup analysis of no vomiting according to chemotherapy regimen was also assessed as an exploratory endpoint.
Safety
Safety and tolerability of the aprepitant and control regimens were assessed. Clinical adverse events (AEs) were graded according to the National Cancer Institute (NCI) Common Terminology Criteria (CTC), version 3.0. Vomiting and nausea were also reported as AEs if they occurred outside of the efficacy assessment period or met the definition of a serious adverse event (SAE; any AE that results in death, is life threatening, results in persistent/significant disability/incapacity, or results in or prolongs an existing inpatient hospitalization). Additional safety evaluations included the assessment of vital signs, physical examination, and clinical laboratory tests.
Statistical analysis
Assuming a no vomiting response rate of 65% for the control regimen, approximately 492 participants (246 per treatment group) were required to detect a 12% difference with 80% power and a 1-sided alpha level at 0.025 (2-sided 5% significance).
The modified intent-to-treat (mITT) population (patients who received chemotherapy and a dose of study drug on day 1) was used to analyze patient demographic and baseline characteristics, as well as all efficacy analyses. The all-patients-astreated (APaT) population was used for safety analyses. Differences between treatment groups for efficacy endpoints were analyzed by Pearson's χ 2 test or Fisher's exact test, with the exception of time to first vomiting event, which was estimated using Kaplan-Meier curves and analyzed by log-rank test. The primary and key secondary efficacy endpoints were evaluated at a 2-sided level of significance of 0.05. For all other secondary efficacy endpoints, Hochberg procedure was used to control the type I error at the 0.05 level; a sequential procedure was used to control multiplicity, such that subsequent groups of efficacy endpoints would not be tested unless the prior groups' testing had revealed at least 1 statistically significant finding. Risk differences between treatment groups and corresponding 95% confidence intervals (CIs) were calculated for specific AEs occurring in ≥5% of participants.
Results
Baseline characteristics
The study was conducted between December 28, 2012 and August 4, 2014. Of the 510 screened patients, 494 were randomly assigned to the aprepitant (n = 244) or control (n = 250) regimens, and 471 completed the study (Fig. 1) . The main reasons for study discontinuation after randomization were withdrawal of consent, reported in three (1.2%) patients each in the aprepitant and control regimen groups; not meeting eligibility criteria in one (0.4%) and four (1.6%) patients, respectively; and loss to follow-up in four (1.6%) patients in the aprepitant regimen group. Overall, 490 and 480 participants were included in the APaT and mITT populations, respectively. IV intravenous, MEC moderately emetogenic chemotherapy, q12h every 12 h a Premedication procedures were different for patients receiving paclitaxel or docetaxel (followed each institutional protocol, based on investigator's decision); these patients did not receive dexamethasone on day 1; however, after day 1, the dosing regimen for patients treated with paclitaxel and docetaxel was the same APaT all-patients-as-treated, mITT modified intent-to-treat
Patient demographics and baseline characteristics were generally similar between the two study treatment groups in the mITT population and balanced with respect to the malignancy type being treated (Table 2 ). In the overall mITT population, 54.8% of participants were male, with an overall mean (standard deviation) age of 60.3 (11.4) years. The majority of patients received either carboplatin-(65% of all subjects) or oxaliplatin-based (28%) chemotherapeutic regimens; 6.7% of patients were treated with an irinotecan-based regimen.
Efficacy
Analysis of the primary efficacy endpoint in the mITT population demonstrated a numerical, but not statistically significant, difference in proportion of patients with no vomiting during the overall phase between the aprepitant and control regimen groups (77.2 vs 72.0%; p = 0.191) (Fig. 2) . Similarly, the key secondary efficacy endpoint of CR achievement during the overall phase was not statistically significant between the aprepitant and control regimen groups (73.4 vs 70.4%; p = 0.458) (Fig. 3) .
Sequential testing of statistical significance for the additional secondary efficacy endpoints was not conducted because the key secondary hypothesis was not met. During the overall phase, 54 and 68 vomiting events were reported in the aprepitant and control regimen groups, respectively. For the aprepitant versus control regimen, no vomiting was reported in 95.8 versus 98.8% of participants during the acute phase, and 78.5 versus 72.4% during the delayed phase (Fig. 2) . Similar findings were also reported for CR, which was reported in 95.8 versus 97.9% of subjects during the acute phase, and 74.3 versus 71.2% during the delayed phase (Fig. 3) .
Subgroup analysis of CR achievement for the aprepitant versus control regimen by chemotherapeutic regimen reported numerically higher rates of CR in the aprepitant regimen group in patients receiving carboplatin-(71.8 vs 67.9%) and oxaliplatin-based (79.1 vs 73.9%) regimens; in contrast, a lower CR rate was observed with aprepitant in the irinotecan-based subgroup (64.3 vs 77.8%). Exploratory analysis of no vomiting for the aprepitant versus control regimen by chemotherapy regimen also showed numerically higher (but nonsignificant) rates of no vomiting in favor of the aprepitant regimen in the oxaliplatin-(83.6 vs 76.8%) and carboplatin-based (74.4 vs 69.2%) subgroups; similar rates of no vomiting were seen in the irinotecan-based subgroup (78.6 vs 77.8%).
Safety and tolerability
In the APaT population, at least 1 AE was reported in 56.2 and 53.2% of participants in the aprepitant and control regimen groups, respectively (Table 3) . However, drug-related AEs were rare, occurring in 3.7 and 3.6% of patients in the aprepitant and control regimen groups, respectively. The most commonly reported all-grade AEs were gastrointestinal disorders, including nausea (9.1 and 8.1%, respectively), diarrhea (6.6 and 7.3%), and constipation (0 and 8.9%), with most AEs being grade 1 or 2 in severity in both the aprepitant (66.9%) and control (66.1%) groups. Overall, SAEs were reported in 37 participants (7.6%; 22 in the aprepitant group and 15 in the control group), the most commonly reported being asthenia, pyrexia, and dyspnea (1.2% each) in the aprepitant group, and pyrexia (1.2%) in the control group. All SAEs were considered by the investigator to be Bnot related^to study treatment, with the exception of 1 case of rash in the aprepitant group. One patient in the APaT population discontinued the study ECOG European Cooperative Oncology Group, mITT modified intent-totreat, SD standard deviation a Evaluable patients; n = 153 aprepitant, n = 158 control b Out of female patients only; n = 108 aprepitant, n = 109 control because of an adverse event (headache, not related to study treatment). Three deaths were reported during the study period (1 and 2 participants in the aprepitant and control groups, respectively). However, all cases appeared to be attributable to patients' underlying malignancy or other preexisting conditions, and none were considered by investigators to be related to the study drug.
No clinically meaningful changes or statistically significant differences in vital signs, physical examination, or clinical laboratory tests were seen between the aprepitant and control regimen groups during the study.
Discussion
The current double-blind, randomized, multicenter, phase IV study was conducted to provide clinical data supporting the use of a 3-day aprepitant regimen from the first cycle of non-AC MEC for the prevention of CINV in a Korean population with a broad range of tumor types. Our findings did not demonstrate superiority for the aprepitant regimen over the control regimen with respect to both the primary and key secondary efficacy endpoints, but numerical trends were noted in favor of the aprepitant regimen. The effect of adding an NK 1 RA on response in the overall phase (0-120 h) may have been driven in part by the high response to ondansetron during the acute phase. Indeed, the ability of 5-HT 3 RAs (e.g., ondansetron, granisetron, dolasetron, and palonosetron) to effectively prevent and control CINV during the acute phase in patients receiving MEC or HEC is well established [5, 13, 14] . However, 5-HT 3 RAs have been shown to be generally less effective at preventing CINV in the delayed phase [18] , which can be challenging to manage and is often underestimated by physicians and nurses in patients receiving MEC or HEC [19] . Although no statistically significant improvementsinefficacyweredemonstratedfortheaprepitantregimenin this study, the benefits of aprepitant appeared to be more apparent during the delayed phase. Therefore, future studies are needed to confirm the potential benefits of aprepitant in the delayed setting in patients receiving non-AC MEC.
MEC agents have a highly heterogeneous emetogenicity (30 to 90%) relative to that of HEC agents (>90%) [7] . As a result, certain MEC subpopulations may be more likely to respond to antiemetic treatment with the addition of an NK 1 RA, such as aprepitant, during the first cycle of MEC. Numerically higher no vomiting and CR rates were seen with the aprepitant regimen in the subgroups of patients receiving oxaliplatin-and carboplatinbased chemotherapy, but not for the irinotecan-based subgroup. The findings of these subgroup analyses are supported by a post hoc analysis of phase III trials that reported higher rates of complete control of emesis during the overall phase (i.e., likelihood of 5-day no vomiting) with the aprepitant regimen in patients receiving carboplatin; higher rates were also seen in patients receiving oxaliplatin, but this did not reach statistical significance [20] . Furthermore, the control of CINV with prevention strategies may be less effective in recipients of irinotecan, which is considered to be a strong CINVinducer and has been indicated by NCCN guidelines to be highly emetogenic in select patients [5] . These findings highlight the need for additional, adequately powered subgroup analyses to better define the role of NK 1 RAs, such as aprepitant, in the non-AC MEC setting.
Previous studies of non-AC MEC populations have demonstrated mixed results. The findings of this study are in contrast to a retrospective analysis of Korean colon cancer patients who reported significantly higher rates of CR and no vomiting during the overall phase with administration of the aprepitant regimen in the first cycle of non-AC MEC [21] . In addition, an international, phase III, randomized controlled study in patients with confirmed malignancies receiving non-AC based chemotherapy showed benefits of the triple-therapy aprepitant regimen over control in terms of higher CR and no vomiting rates across all phases [9] . However, a multicenter phase II study of aprepitant versus control regimens in nondrinking women with ovarian/peritoneal cancer or uterine endometrial cancer receiving non-AC MEC (performed in Japan) reported a nonsignificant improvement in the overall CR rate (10.1%) [22] . Additionally, the findings of a recent multicenter, phase II study evaluating the aprepitant regimen in patients with advanced non-small cell lung cancer demonstrated that triple antiemetic therapy with aprepitant was associated with nonsignificant improvement of the CR rate in both the overall and delayed phases [23] . Taken together, further research is needed to establish the role that aprepitant plays in non-AC MEC populations.
The reasons for differences in efficacy findings between this study and historical data are not clear. High-response rates in the control regimen group (i.e., patients receiving ondansetron + dexamethasone alone had good response) may have contributed to the lack of benefit for the aprepitant regimen relative to the findings of previous studies. This was the case with studies conducted by Rapoport et al. and Ito et al., which reported lower rates of CR in the control group compared with the current study (65.5 and 67.2 vs 70.4%) [9, 23] . The wide variety of cancer types in the current study population may have also affected the outcomes seen in the current study, given that a recent history of gynecological or gastrointestinal surgery may increase the risk of CINV because of abdominal pain or discomfort. The subjective nature of patient-reported CINV may also be a contributing factor, giving rise to the potential for underreporting of symptoms due to cultural bias in Asian participants or the long distances that patients had to commute to receive treatment, which may have also translated to downplaying CINV symptoms. Additionally, the results of this study may have been confounded by the lack of strict compliance to steroid premedication, in particular for taxanes. The 3-day aprepitant regimen was generally well tolerated in the current study-no difference in the overall incidence of AEs was seen between the two study arms. AE profiles were consistent with AEs generally reported in patients receiving emetogenic chemotherapy. Furthermore, the AE profile of the aprepitant regimen in the current study was generally similar to that of previous studies, with no new safety signals [8] [9] [10] [11] 22] .
Conclusion
In summary, this study showed that a 3-day aprepitant regimen was generally well tolerated but did not demonstrate statistical superiority over a standard regimen with respect to the achievement of no vomiting or CR during the overall phase in a non-AC MEC Korean population based on HIRA reimbursement guidelines; however, numerical benefits were seen with the aprepitant regimen. The findings highlight the need for further studies to define the role that aprepitant plays in the non-AC MEC regimen.
